Prevention of leaflet calcification of bioprosthetic heart valves with diphosphonate injection therapy. Experimental studies of optimal dosages and therapeutic durations.
Ethanehydroxydiphosphonate therapy was studied for prevention of calcification of bioprosthetic heart valve cusps (from glutaraldehyde-preserved porcine aortic valves) implanted subcutaneously in 3-week-old male rats. Animals received daily subcutaneous injections of the drug (1, 5, 10, 15, or 25 mg/kg/24 hr) for 21 days with maximal inhibition of bioprosthetic heart valve calcification at a dosage of 15 mg/kg/24 hr (calcium level of diphosphonate-treated bioprostheses 3.5 +/- 0.5 micrograms/ml; calcium level of control bioprostheses, 161.2 +/- 5.0 micrograms/mg), but with irreversibly diminished bone and somatic growth. A dosage optimum was observed at 10 mg/kg/24 hr with significant inhibition of bioprosthetic heart valve calcification (at 21 days, the calcium level was 16.4 +/- 3.6 micrograms/mg) and an absence of adverse effects on epiphyseal development and overall growth. Bioprosthetic heart valves retrieved from animal receiving ethanehydroxydiphosphonate (15 mg/kg/24 hr) for only the first week after implantation had significantly more calcification after 21 days than did bioprostheses from animals treated for 2 or 3 weeks. Bioprostheses explanted after 110 days from animals receiving the drug (15 mg/kg/24 hr) for the first 3 weeks had calcification equivalent to that of untreated control rats. Diphosphonate (15 mg/kg/24 hr) was most efficacious when initiated within 48 hours of bioprosthesis implantation, but was totally ineffective if administered after 1 week. It is concluded that ethanehydroxydiphosphonate optimally prevents bioprosthesis calcification without significant adverse effects on epiphyseal development and overall somatic growth at a dosage of 10 mg/kg/24 hr in rat subdermal implants, but it must be administered by continuous daily injections beginning within 48 hours of the implantation; this approach should be pursued in further long-term circulatory experimental studies because of its possible clinical relevance.